Introduction
The management of patients presenting with voice disorders is complex and often controversial. An expert knowledge of diagnostic and therapeutic possibilities [1] is clearly required, but often good quality evidence is lacking as to the best treatment for the individual patient. Voice disorders present in a wide spectrum of patients, across all ages, gender and social status. The causes are often multifactorial and cannot always be fully described in anatomical or functional terms. Furthermore, voice disorders are much more varied than mere hoarseness. Indeed, a voice disorder may only have a limited affect on vocal ability, and yet strongly affect the patient's quality of life, whether at work or at home [2] . Dysphonia only loosely describes the variety of possible voice disorders and their severity [3] . Furthermore, voice orders cannot always be reduced to anatomical and functional disorders of the larynx and vocal folds. The perceived voice is much more than simple vocal fold vibration at the laryngeal level. Breath control, vocal tract and articulatory movements are integral to the production and character of a voice and influence, in their respective ways, the perceived voice. With regards to the larynx itself, many different pathologies can lead to vocal disorders. These include, amongst others, congenital malformations, inflammatory conditions, benign and malignant tumors and neurogenic functional problems. Moreover pulmonary, endocrine, gastrointestinal, neurological, medical, and psychosocial factors can affect the voice [4] . Even in the absence of organic pathology, functional problems can also lead to voice disorders and thus the clinician must always consider the interplay between any underlying organic disorders and psychogenic problems. The ENT surgeon is often the first specialist consulted by a patient with a voice disorder. More than half of these patients will have benign vocal fold changes [5] , [6] and their treatment is often a combination of conservative and interventional measures. To this end, ENT surgeons with an interest in voice disorders rarely work alone, and a multidisciplinary team consisting of, amongst others, speech and language therapists allows for the best possible patient care. This article focuses on these benign voice pathologies and explores the many and varied diagnostic and therapeutic possibilities.
Background
The importance of laryngoscopic findings for voice disorders is beyond question. Especially with prolonged, unexplained hoarseness an endoscopy to rule out malignancy is essential. Beyond this however, the voice specialist must have a more holistic approach to the patient. Simply focusing on the larynx and initiating a therapy is not sufficient. An analogous situation can be seen in otology. Patients need more than an otoscopic assessment for hearing loss. A broad differential diagnosis must first be established from a thorough history and then, following a physical examination which clearly includes otoscopy, this differential can be narrowed down with the various hearing tests, blood tests and imaging studies available. Thought must also be given to the vestibular apparatus even if the patient has no specific vertigo complaints. Larygoscopy and stroboscopy can often visualise structural vocal fold changes in the lamina propria (Table 1) . Polyps, nodules, Reinke's edema and pseudocysts are all exudative lesions of Reinke's space which share a sub-epithelial edema. It can therefore be difficult to distinguish from one another, both clinically and even histologically [7] , [8] . Through this framework, great advances have been made in terms of standardization and quality control. The ELS guidelines provide a minimum consensus amongst voice specialists and allow diagnostics and other voice-related data to be collected across centres in an understandable and comparable way. By having more consistent and better baseline diagnostics, the better various treatments can be evaluated against a variety of therapeutic goals and hopefully, better quality data and evidence based therapy will follow. Nevertheless, these guidelines should not be relied on as a treatment protocol with specific findings implying specific treatments. Any diagnostic information is only as good as the person interpreting the different results and combining them into a consistent whole. The limitations of specific tests need to be known, and it should always be borne in mind that these tests only provide a snapshot in time of the voice. Often, repeated testing with time intervals is necessary to aid accurate diagnosis. The ELS guidelines should guide the specialist, but should not be seen as a rigid framework. There are, for example, many situations such as spasmodic dysphonia, aphonia, and post-laryngectomy where the ELS protocol is inappropriate.
Subjective rating by the patient
The self-assessment of voice quality is an important criterion for the diagnosis and treatment of voice patients. The structured assessment of subjective vocal impairment or disability is performed using a questionnaire (Voice Handicap Index, VHI). The VHI integrates the functional, physical and emotional aspects of a voice disorder. The subjective severity of the voice-related problems is rated by the patient on a scale of 0 to 4 and these summated to provide an overall voice handicap score. This questionnaire is an essential part of both the initial and ongoing assessment of voice patients and a validated German version consisting of 9-questions (VHI 9i) is available [13] , [14] . The clinician must be aware that the subjective VHI score does not necessarily correlate well with clinical examination findings and therefore complements, rather than replaces, a thorough medical history and examination. The VHI's categories of functional, physical and emotional also do not necessarily help uncover the underlying cause of dysphonia. It cannot, however, be emphasized enough that treatment planning can only follow-on from an accurate assessment of both the patient's subjective and objective problems [15] .
Perceptual evaluation by the voice specialist
Clinician-based perceptual assessment involves the auditory evaluation of the voice based on defined acoustic features [16] . The evaluation of hoarseness (H) focuses primarily on voice characteristics associated with disorders of the vocal fold. Thus, irregular vocal fold vibrations can be defined as rough (R) and an incomplete glottis closure defined as breathy (B). Hoarseness often combines varying degrees of both roughness and breathiness. The RBH scale has been established in the Germanspeaking world as a standardized and validated method for evaluating hoarseness [17] . Internationally the GBRAS includes the overall dysphonia grade, roughness, breathiness, asthenia and strain [18] . Acoustic vocal phenomena cannot, however, be entirely reduced to the glottis alone. The vocal tract configuration is also key. Vocal sound phenomena that are not captured by the RBH or GRBAS approach should be listed separately. For example, nasality, diplophonia, voice instability, unsuitable average of the fundamental frequency of the voice, pathological vocal onset and release [19] , [20] . An objective, systematic, sophisticated and non-prejudiced voice evaluation is no easy skill and requires continuous training of the examining physician. Unfortunately, despite efforts the standardize voice assessment, the more complex and sophisticated a voice assessment the less inter-and intra-observer reliability.
Acoustics Objective methods
Due to the poor inter-observer reproducibility mentioned above, more 'objective' methods of voice assessment have been established. These should be performed in addition to complement the evaluation detailed above [21] . Computer-assisted acoustic analysis includes measures of sound irregularity (jitter, shimmer, glottal-to-noise excitation ratio) and acoustic spectra (broadband and narrowband) as important elements of a comprehensive voice evaluation [22] . These computer analyses are not mere research tools, and can be clinically used for initial examination and to document the therapeutic response, for example before and after surgery or other interventional measures [23] , [24] , [25] , [26] , [27] . The difficulty of this easily usable technique lies in the interpretation of the findings. The results are influenced among other things by the research methodology, age and gender groups, software and hardware, as well as ambient noise. Furthermore, the lack of interference independent standard values limits the application of these measurements to serial measurements of an individual. The physician should be familiar with his equipment and in particular the standard values used in order to avoid drawing hasty conclusions from the results. Computer aided measurements are one of many investigations at the clinician's disposal and it is the interpretation of these results that a relevant and accurate diagnosis can be made.
Voice range profile
This is the computer-assisted determination of individual vocal range and power profiles by the measurement of the pitch (=fundamental frequency in Hz) and vocal intensity range (=sound pressure level in dB (A)) for both the speaking and singing voice [28] . Starting from 'normal' unstressed speech, the power is increased in stepwise fashion until shouting. When the singing voice is evaluated, tonal range and the corresponding dynamic range from the quietest to the loudest singing voice are assessed. The use of the vocal range measurements is primarily used in evaluating the impact of therapy on an individual. The presently available standard values must be interpreted with caution as they are mostly estimations based on small groups and therefore cannot be considered as truly representative of all age and gender groups. Furthermore, the healthy voice shows significant variation [29] . Recent studies have attempted to provide normative values for range and power profiles in defined age/gender groups [30] , [31] , [32] .
Dysphonia Severity Index (DSI)
The Dysphonia Severity Index (DSI) has four different levels of severity [33] , [34] and reflects the desire of the clinician to combine all the various data collected into a single score. The DSI includes the highest phonational frequency (F0 max) and the lowest vocal intensity (SPL min), and the maximum phonation time (MPT) and jitter (%). Thus the DSI provides a useful score which can be used in studies and patient follow-up [33] , [35] . However, the physician must remain critical as the measurements contributing to the DSI -as explained above -may be erroneous [36] .
Laryngosccopy and stroboscopy
Both the morphological and functional assessment of the larynx is essential to a thorough work-up. Good visualization of the vocal folds is the springboard for an accurate diagnosis of hoarseness. The increasing use of digital photographic documentation allows findings to be shared with the patient and comparisons to be made both inter and intra-patient. Whichever of the rigid or flexible endoscopes used, sufficient magnification and resolution must be achieved. During inspection of the various laryngeal structures, subtle changes of the vocal fold mucosa and adjacent areas should be documented and interpreted in the overall context of the voice disorder. The examiner should not be distracted by obvious pathology, but rather carry out a systematic evaluation. The endoscope is however, not all seeing. Pathology lying below the free vocal fold edge cannot always be detected in the examination stool and requires more invasive techniques. The examination is also very dependent on both the skill of the examiner and the cooperation of the patient. Strong gag reflexes can be subdued with local anaesthesia or may be less apparent with a transnasal flexible endoscopy. The latter technique also allows for a more normal phonation and provides an excellent method of assessing both the singing and speaking voice [37] , [38] . Endoscopy can also be supplemented with stroboscopy, allowing the complex vibrations of the vocal folds to be examined at different pitches, registers and sound intensities. Vibratory amplitude, features of vocal fold edge, mucosal wave, glottic closure, phase symmetry, regularity and glottal cycle periodicity [39] can all be assessed, however, the interpretation of these stroboscopic findings is highly userdependent. Additional features such as the stroboscopic assessment of glottic closure and vertical plane show poor inter-observer reliability and are less suitable for the clinical practice [40] . Unstable phonation makes stroboscopic examination impossible. In these cases, high-speed digital imaging (HSDI) of the vocal folds allows for accurate assessment despite moderate to severe aperiodic vibration. This technique complements stroboscopy and may even, in the future, come to largely replace it.
Benign vocal fold pathologies Laryngeal papillomatosis
The incidence of laryngeal papillomatosis is roughly 1.8 per 100,000 [41] and Human Papilloma Virus (HPV) subtypes 6 and 11 are chiefly responsible. Despite being a histologically benign disease, the growth and propensity for recurrence of laryngeal papillomatosis makes them dangerous. Disease spreading into the lungs and even malignant transformation have been reported [42] . Endoscopically, laryngeal papillomas are isolated, exophytic or sessile, "raspberry"-like growths ( Figure 1 ). They can sometimes be mistaken for vocal fold polyps, or even a malignancy, especially when only visualized using transnasal flexible endoscopy [43] . The clinical course of laryngeal papillomatosis is difficult to predict and patients require long term, regular care. Treatment, whether conservative, medical or surgical, represents a challenge for both the patient and physician. When conservative and medical approaches have failed, and especially in the setting of increasing airway obstruction or significant worsening of the voice, surgery can be considered. Pre-operative staging of the disease in terms of localization, size and number is recommended. The epithelial nature of the disease allows for excision but the surgeon is often confronted with problem that seemingly normal looking tissue may well harbor HPV infection [44] , [45] . Due to the high recurrence rate and the probable need for a great number of interventions during the patient's life, a "less is more" approach should be employed. Functional laryngeal structures should be preserved and a debulking of disease rather than radical excision may help prevent excessive post-operative scarring. It must be emphasized that surgery is not curative, it is only for symptom control [46] , [47] . Furthermore, irrespective of the method used (micro-surgical cold steel resection, micro-debrider or laser), post-operative scarring can greatly affect the voice [48] . Recently, adjuvant treatment has been added to surgery in order to reduce the frequency and extent of surgery. For example, intra-lesional cidofovir injections, a virostatic agent, have shown encouraging results in the few published studies [49] , [50] , [51] . ENT associations have however issued warnings about this off-label use of cidofovir since as long ago as 2011 [52] . The manufacturer lists serious side effects including potential nephrotoxicity, neutropenia and potential teratogenesis [53] . Currently the risk-benefit profile of this treatment needs further study, preferably in large well conducted studies before its use can be recommended [54] , [55] , [56] . Another adjuvant option is bevacizumab [57] , [58] . This monoclonal antibody has been used in malignancy where is prevents angiogenesis and thereby slows tumor growth. Intra-lesional injections together with the use of the KTP laser have again showed promise [59] . Case reports have also documented the effect of HPV vaccination against subtypes 6 and 11, not only in terms of disease prevention but also showing a therapeutic effect on existing papillomas [60] , [61] , [62] . Due to the life-long nature of the disease and the requirement for multiple interventions during the disease course, a good doctor-patient rapport is needed. This includes a full and frank discussion of the natural history of the disease and its implications for the patient's work and social life. Moreover, a well informed patient is better able to recognize problems early and cope with the multiple interventions [46] .
Vocal fold polyps
Vocal fold polyps can be either sessile or pedunculated, unilateral or bilateral and occur commonly at the free edge of the vocal fold. They can be further characterized as edematous, hyaline or mixed [63] (Figure 2 ). Often as the result of acute or chronic voice abuse, microvascular trauma leads to sub-cellular changes and the typical histological features found in the lamina propria. Edematous changes, increased capillarization and inflammation are characteristic [64] . These same exudative inflammatory changes can often be seen in vocal fold nodules and Reinke's edema [7] . In addition to the repetitive trauma mentioned above, airway infections, allergies, nicotine, gastro-esophageal reflux, aspirin and other blood thinning medications can also contribute to polyp formation [64] . Voice quality often correlates with the size and location of the polyps. Such polyps typically affect adults whose work involves frequent voice stress [64] , for example, teachers. These patients are also at higher risk of vocal fold cysts and nodules [65] . Although the finding initially appears as a purely structural and primarily surgical problem, the treating otolaryngologist should check the specific requirements of the patient for his work and leisure time and organize the relevant voice diagnostics. If the underlying pathogenesis is ignored, recurrence is possible even with successful surgical dissection. In some cases it is advisable to instigate postoperative voice therapy though voice therapy as the sole treatment modality is unlikely to cure vocal fold polyps despite anecdotal reports of its success [66] .
Reinke's edema
Reinke's edema is an edematous swelling of the superficial layer of the lamina propria. The extent of swelling can vary between only a subtle swelling through to massive swelling and obstruction ( Figure 3 ). Reinke's edema statistically presents most often in women between 40-60 years old. The exact etiology of these benign chronic changes is unclear [67] but inhaled chemicals (eg. nicotine), laryngo-pharyngeal reflux and hyperfunctional vocal behavior have all been suggested [68] , [69] . The mass and volume increase of the vocal folds is especially noticeable in the female voice as it results in a deeper, more hoarse speaking voice. With massive edema, airway obstruction may be the most significant symptom. Therapeutically, Reinke's edema is tackled both conservatively and surgically depending on the patient's complaints and the presumed cause. Conservative measures include smoking cessation [7] , proton pump inhibitors for reflux and voice therapy to reduce chronic vocal hyperfunction. (Whilst smoking cessation does not contribute to a reduction in Reinke's edema, it does significantly improve postoperative wound healing [43] .) Significant obstruction and extreme hoarseness are indications for surgery [70] . Surgery is almost never urgent in the management of Reinke's edema, and as such, the treating clinician should only recommend it with great care. It is essential to match the objective findings with the patient's subjective complaints and also carefully elucidate the patient's expectations. If surgery is being contemplated the surgeon should ask himself: How strongly does the patient feel impaired by his hoarse? Does the patient in fact feel that his deep and raspy voice is an integral part of his identity? Does he actually want this audible personality trait to be changed at all? Often a trial of voice therapy is warranted, and if surgery is performed, this can be a "sandwich" therapy, i.e. both pre-and post-operatively. Through intensive voice therapy, often over a considerable length of time, the patient should be able to break his vocal bad habits and prevent re-injury to the vocal folds. The patient should be informed of the above-average risk of debilitating postoperative vocal scarring and possible incomplete adduction of the folds following surgery [71] . The amorphous morphology of Reinke's edema, which includes the entire vocal fold length, makes surgery difficult [72] . To avoid irreversible scarring, the surgery should be performed carefully taking into account the vocal fold architecture [73] , [74] . The traditional method of stripping the vocal folds is now obsolete. Despite the controversy surrounding surgical intervention for Reinke's edema, we would recommend a two-stage technique [75] . This is applicable throughout the spectrum of disease and not only to massive and troublesome, incompletely viewable edema of the anterior commissure, which can give rise postoperative scarring and synechia in the anterior region to be [3] , [76] . Some patients can achieve a satisfactory voice with only a unilateral procedure. This often leads in time to a reduction of edema on the contralateral side which can be documented endoscopically [75] .
Vocal fold cysts
An estimated 14% of all benign vocal fold tumors can be classified as vocal fold cysts [77] and these should be sub-classified as either retention or epidermoid cysts. Retention cysts are found within the lamina propria and are lined with a thin glandular epithelium. Inflammatory obstruction of mucous glands in the vocal fold or mechanical phono-trauma can lead to the formation of retention cysts. These are characteristically seen in occupational groups with a high vocal stress (Figure 4a and 4b) . Epidermoid cysts, on the other hand, are congenital or secondary to a vocal trauma and are typically surrounded by a solid epithelium. The cyst sac often extends to the vocalis ligament and rupture can lead to scarring and changes of the lamina propria (Figure 4c ). Cysts can be uni-or bi-lateral. Their affect on voice quality depends on their size and location. Due to their adherence to the deeper layers of the lamina propria, epidermoid cysts in particular can have a substantial affect on the voice. Stroboscopically, diagnosis can be made difficult by contra-lateral lesions which the otolaryngologist may confuse with vocal fold nodules. Both lesions can affect the mucosal wave in similar ways, depending on their size and depth [78] , [79] , [80] . Prior to excision, two problems must be discussed with the patient. Firstly the extent of the cyst and secondly whether complete removal is possible. The deeper the cyst, the more likely, despite careful operating technique, that postoperatively the vocal fold will not vibrate normally. Intra-operatively, the entire cyst sack should be excised in order to reduce the risk of recurrence. This is normally made easier by not bursting the sack, though in some cases this is unavoidable. The surgeon must then strive to peel the remaining cyst wall off the surrounding structures. Postoperatively up to 20% of cases will show scarring, polyps and/or vascular changes in the vicinity of the excised cyst [80] . These changes should actively be looked for on postoperative laryngoscopy and documented. When severe, they may necessitate further surgical intervention. Intra-operatively, changes which are thought to be reactive to the cyst need not be addressed during cyst excision, as once the cyst is excised, they often regress [81] . Due to the risk of poor postoperative function despite successful cyst excision, surgical intervention should be used sparingly. Patients, such as opera singers or actors, who use their voice for their work must especially beware of the foreseeable and unforeseeable complications of excision. All alternative therapies should be discussed. In a few cases, despite cystic changes to the vocal folds, no functional limitations can be found [3] .
Vocal fold nodules
Vocal fold nodules (eg. singer's nodes), are traditionally seen as the consequence of functional voice disorders, often caused by vocal abuse or misuse, and are amongst the most common vocal fold pathologies. These nodules are typically bilaterally symmetrical in the middle third of the vocal fold and located superficially on the vibrating free edge of the fold ( Figure 5) . Anatomically, the diagnosis can be made difficult by the heterogeneity of lesions. These range from discrete, poorly circumscribed edematous lesions to hard, horny nodules [82] . Stroboscopically, incomplete glottis closure (classically an hour-glass closure pattern) can help make the diagnosis [83] . Functionally, patients often present with a poor vocal endurance and a quickly tiring voice. Vocal fold nodules are thought to be the result of quantitative and qualitative excessive voice misuse or abuse. Boys and young women and teachers are particularly affected [84] . Usually, an increased vocal load, for example, due to the patient's profession, is responsible for the formation of nodules. The pathogenesis of these lesions is due to the disproportionately high mechanical shear on the free edge of the vocal fold which damages the superficial layer of the lamina propria and results in micro-vascular changes in the middle third of the fold. In time, this results in remodeling of the tissue with increasing hyalinization and epithelial hyperplasia, leading to typically circumscribed lesions in the vocal folds. Histologically, thickening of the basement membrane and an edematous swelling of the lamina propria are characteristic [85] . Noteworthy is that histologically it is often difficult to tell the different lesions of the lamina propria apart (eg. nodules, polyps and Reinke's edema) [86] , [87] . The correct diagnosis cannot therefore be made purely histologically, but requires a complete assessment including history, voice assessment and laryngoscopic/stroboscopic findings [88] . Conservative voice hygiene and voice therapy are viable therapeutic measures for nodules. The patient's motivation, vocal requirements in social and professional life together with the correct diagnosis allows an appropriate conservative treatment plan to be formulated. It is worth noting that a specifically tailored program, including targeted voice therapy, achieves better results than a generic program [89] . Whilst there is often a subjective and objective improvement of the voice, this is not always matched by improvements in the laryngoscopic/stroboscopic findings. When conservative measures fail to achieve the desired results [90] , [91] phonosurgery may be indicated. It is therefore the patient who dictates the need for surgery rather than the size of the nodules alone. Furthermore, it should also be borne in mind that surgery does not necessarily correct the underlying causal process at hand [88] . Voice therapy is therefore key to gain a long lasting improvement after surgery and reduce the likelihood of recurrence. Surgical intervention is also not without risks. Despite careful micro-dissection, damage to the lamina propria can lead to further voice problems. The deeper the resection, the more likely changes in stiffness of the vibrating free edge will lead to a poor voice [92] . Lesions which are only identifiable on stroboscopic examination can be particularly difficult to operate on under general anesthesia. For all intents and purposes, the surgeon is carrying out a "blind" dissection which increases therefore the post-operative risks. Whether surgery should be performed with cold steel dissection or laser is still a matter of controversy as both afford much the same results in experienced hands. We would argue however that the use of the laser for superficial lesions should only be performed if good tissue protection can be afforded. Until further evidence of its safety, overall we would recommend against the use of lasers [93] .
Contralateral lesions
Not every contralateral vocal fold lesion is a nodule. The differential diagnosis includes benign vocal fold tumors and a corresponding contralateral thickening. A history of chronic, tissue-damaging phonotrauma is the differentiating factor [81] . Altered vibrations of the vocal fold result in microtrauma and secondary epithelial thickening of the contralateral vocal fold. These morphological differences can be so subtle as to be only distinguishable on stroboscopic assessment [81] . Correct diagnosis is essential before deciding on treatment. Cystic or edematous lesions do not normally respond to voice therapy and will require surgery. Only the primary lesion needs to be excised, as the corresponding contralateral lesion will then often regress [94] .
Bamboo nodes
Bamboo nodes (Figure 6 ) can be the first sign of a chronic systemic autoimmune disease such as rheumatoid arthritis [95] . The symptoms of hoarseness often correlate with the history and frequency of exacerbations of the underlying disease. Suspicion of an autoimmune disease necessitates a complete work up and appropriate onward referral. The voice complaints can then be followed whilst the patient undergoes treatment of the underlying disease. Persistent hoarseness despite good underlying disease control can be ameliorated with voice therapy and intra-lesional steroid injections [96] . Microsurgical excisions should be reserved for treatment failure, and always combined with post-operative voice therapy [97] , [98] . Unfortunately, there is as yet no ideal management for these rare lesions. The most important thing is therefore that the otolaryngologist recognizes these manifestations of systemic disease and differentiate bamboo nodes from other similar findings such as bilateral cysts.
Vocal process granulomas
Vocal process granulomas are classified as benign chronic inflammatory lesions arising in the cartilaginous third of the vocal fold. They are believed to arise after mechanical trauma or inflammation of the posterior glottis. Chronic coughing, voice abuse or continual clearing of the throat, when extreme enough, can damage the epithelium of the processus vocalis. Following a hammer/anvil analogy, repetitive trauma prevents normal healing and leads to eventual ulcerative tissue changes and reactive overgrowth (Figure 7 ). Trigger factors include laryngo-pharyngeal reflux [99] and psychosomatic issues. Patients often exhibit compulsive or depressive character traits or may have loss emotionally significant persons [100] . The role of glottal insufficiency in the pathogenesis of contact granulomas is still a matter for debate [101] . Vocal process granulomas are diagnosed on laryngoscopy, and are characterized by unilateral tissue augmentation with a corresponding ulcer. The granulations tissue is usually medio-cranial of procesus vocalis. The contact granuloma may mimic the appearance of a malignant process by its enormous size, but the granulation tissue itself shows no tendency to malignant transformation [102] . Contact granulomas are very common in men, especially between 40-50 years of age. Due to high recurrence rates, treatment is conservative rather than surgical, with voice therapy and proton pump inhibitors [75] . Indeed, surgery as the single treatment modality has no role [103] . Recurrence rates of up to 92% are reported [104] despite careful microsurgical excision and cleaning of the perichondrium [105] . We reserve surgery only to exclude malignancy or for obstructing granulomas [106] , [107] . Medical treatment modalities such as botulinum toxin injection [108] , steroid injection [109] and zinc sulfate therapy [110] have been described. Despite the reported higher rates of depression in this patient group, the success of psychotherapy is as yet unproven [111] .
Post-intubation granulomas of the larynx
These granulomas are a delayed complication of tracheal intubation and are differentiated from classical contact granulomas through an accurate patient history. They arise secondary to direct mucosal trauma of the posterior glottis during intubation/extubation and can be unilateral or bilateral. They often first appear roughly 4 weeks after extubation [112] (Figure 8) . In contrast to classical contact granulomas, intubation granulomas are more often seen in women [113] . This may be due to the anatomy of the female larynx [114] . Further risk factors for granuloma formation include the tube size, the individual larynx configuration, tube movement, the type of intubation and gastro-esophageal reflux. The duration of intubation does not seem to be relevant, at least if it is less than 3 days [115] . Interestingly, despite their very different etiologies, no specific treatment strategies for intubation granulomas, as opposed to contact granulomas, exist. Presumably, the risk of recurrence should be lower. In our experience, intubation granulomas spontaneously regress and therefore a "watchful waiting" approach may be adopted [116] . 
Vocal fold scarring, sulcus glottidis Introduction
Scarring of the vocal folds can lead to lifelong impairment of the vocal performance. Even small amounts of scarring can have a marked affect. Scarring can be congenital or acquired, the latter generally associated with traumatic or inflammatory insults. Acute or chronic phonotrauma, iatrogenic damage during surgery, intubation, chemical and thermal insults and external laryngeal injuries can all lead to irreversible scarring of the vocal fold. The scarring process itself is a complex interplay of genetic factors and the particular insult [117] . Scarring, whether circumscribed or superficial, has multiple effects on the lamina propria. Together with a volume loss, scarring can result in altitude changes in comparison to the healthy fold, or increased tissue bulk (Figure 9 ). Trough shaped depressions reaching the vocal ligament as a result of degenerative processes in the sulci vocales can be seen (Figure 10 ). Vocal fold scarring represents a major challenge for the treating physician, specifically in three main areas [71] , [118] , [119]:
1. Phonosurgery and the risk of scarring 2. Diagnosis and treatment of existing scars 3. Postoperative wound healing 
Phonosurgery and the risk of scarring
Before any surgical intervention, no matter how small, the risk of scarring and its impact on the voice should be thoroughly discussed. During excision of benign vocal fold lesions, the functional consequences and the body cover model should be remembered. Careful microsurgical dissection should be restricted to the lesion with minimal disruption of surrounding tissue. Due to advances in technique and a better functional understanding of the vocal folds, vocal fold stripping is now obsolete [20] , [72] , [75] . The surgeon should select either laser or cold steel according to his experience and which tool he believes will offer him the very best precision during the surgery [92] , [120] , [121] , [122] , [123] . Each method has its pros and cons and the surgeon should use the technique with which he is most confident [124] , [125] . The patient must still be aware that even expert surgical dissection, depending on healing, can result in scarring [75] . In some cases, corticosteroid injections may be used to minimize the inflammatory response [126] though it Figure 11 : a, b and c) Vocal fold cyst and mucosal bridge after dissection cannot be routinely recommended. The role of hepatocyte growth factor preparations, which have a very strong antifibrotic effect on vocal fold scarring has not yet been established [127] . Postoperative topical application of chemotherapeutic agents such as mitomycin C is strongly discouraged: mitomycin C exerts a damaging effect on the movable structures of the vocal fold [119].
Diagnosis and management of existing scar tissue
Depending of the extent and infiltration of the lamina propria, the viscoelastic changes caused by scarring can result in irregular vibration of the vocal folds and incomplete adduction of the folds with resultant glottic insufficiency and air escape. The resultant symptoms can vary greatly from patient to patient. Thus, a comprehensive voice analysis with detailed laryngoscopic and stroboscopic findings is necessary prior to any treatment. With the help of stroboscopy, typical free edge changes resulting from scarring can be detected. These alterations may be discrete or affect the entire vocal fold [3] , [83] . However, the examiner must be aware that stroboscopy does not visualise the entire, surface of the vocal fold. The more lesions extend medially and inferiorly, the easier they can be overlooked [128] . If voice analysis points to an organ pathology and stroboscopy shows no direct evidence of functional dysphonia, we therefore recommend microlaryngoscopy to exclude pathology such as scars and mucosal bridges, hidden from stroboscopic view (Figure 11) . Microlaryngoscopy reduces the risk of missing small scars and arriving at an incorrect diagnosis such as a functional problem or an aging voice [128] , [129] , [130] , [131] . Surgical treatment for scars is extremely challenging. We recommend intensive voice therapy for up to 6 months before any consideration for surgery [132] . Many patients with scarred vocal folds changes have become accustomed to a counter-productive and inefficient voice and breathing technique. This is associated with an increased effort which results in not only the acoustic phenomenon of hoarseness, but also a limited capacity in spoken communication. Voice therapy can greatly help the faulty compensation patterns and therefore improve the voice.
Surgery of the scars can always be performed after a trial of such conservative treatment. The goal of surgery should be to allow complete glottic closure and improve the vibration characteristics of the free edges. This can be achieved by augmentation of the vocal fold or thyroplasty [133] , [134] . Scarring results in stiffening and loss of volume of the movable structures. Depending on its extent, different techniques can be used to ameliorate the situation. Local undermining procedures that remove the scar tissue from underneath are recommended as well as injections of various substances such as corticosteroids [109] or biocompatible materials [135] , [136] , [137] , [138] , [139] , [140] , [141] . Newer substances such as mesenchymal stem cells and growth factors [141] , [142] can also be injected. In well-circumscribed scars, often appearing in the sulci vocales, special incision techniques or complete excision of the scar are can be performed [138] . Several different laser techniques can also be employed, most notably, pulsed dye laser [73] , [143] . Unfortunately, due to the plethora of techniques and the fact that they are often repeated on combined, good evidence is lacking as to when to use which therapy [134] . Furthermore, post-interventional outcomes can only be reliably assessed one year later [131] , [144] . With augmentation (for example, with autologous fat transfer) or thyroplasty, an improvement of voice often corresponds with a stroboscopic improvement of the vibrating free edge 3-6 months post-intervention [135] .
Postoperative wound healing
Postoperative wound healing follows a complex, overlapping sequence of defined stages [71] . This process can be disrupted by trauma or inflammation. The question is therefore, what postoperative measures can be taken to ensure optimal wound healing? Although there is agreement that post-operative voice abuse has deleterious effects on healing, no consensus exists as to an optimal rehabilitation program [145] . Voice rest, together with avoiding coughing and throat clearing is usually recommended in the first few weeks [146] , [147] but it remains unclear if complete voice rest is better than judicious voice use. What is clear is that the longer a doctor orders voice rest, the less likely a patient will be compliant [148] . A middle path of voice rest followed by gentle voice use is probably the most pragmatic option [149] . We recommend 3 days of complete voice rest followed by 4 days of gentle voice use. Whispering should only be done if the patient can master the technique of a "relaxed whisper". The role of specific voice exercises and whether they could affect wound healing is also unclear [145] . We recommend close cooperation with voice therapists, both before and after surgery. By sharing accurate information regarding the extent of the operative procedure the voice therapist can then devise a program leading to full voice rehabilitation. In summary, however, the otolaryngologist remains ultimately responsible for the pre-/intra-/post-operative care of the patient, and as such, he cannot just delegate tasks to other disciplines. An otolaryngologist who focuses only on the surgical, intraoperative details will not provide optimal care to his patient [150] , [151] .
Digression: Unilateral vocal fold palsy
Otolaryngologists often make the diagnosis of unilateral vocal fold palsy. The patient may have presented with voice changes, breathing or swallowing difficulties [152] but sometimes the patient has no symptoms at all. There are many potential causes of unilateral vocal fold palsy including iatrogenic, traumatic, malignant, thoracic or systemic disease [153] . The potential risk of postoperative vocal cord paralysis, by a direct or indirect damage of the vagus or recurrent laryngeal nerve depends on the surgical procedure and technique [154] . For example, post-operative palsies following operations for esophageal cancer can be as high as 11%. The incidence of permanent postoperative vocal fold paralysis after thyroid surgery varies between 0.5% and 2.7% [155] , [156] . In roughly a quarter of cases, no cause for the vocal fold palsy is found and patient therefore diagnosed with an idiopathic vocal fold palsy. These patients form a heterogeneous group and the majority show spontaneous improvement in less than a year [157] . As mentioned above, hoarseness is not the only feature of a unilateral vocal fold palsy. Associated problems such as increased breathlessness whilst speaking (speech dyspnea) or swallowing difficulties should be specifically sought and may require further investigation and treatment [158] . A thorough voice examination should be performed including voice diagnostics, flexible transnasal and rigid transoral laryngoscopy. Often, patients have increased muscle tension making an adequate transoral laryngoscopy difficult [9] . Stroboscopy is usually unhelpful in the setting of unilateral fold paresis combined with severe hoarseness and high speed video assessment is preferred [159] , [160] . Unfortunately, no matter how accurate an assessment of vocal fold function is made, it is impossible to deduce from paralyzed vocal fold position alone the location of the nerve damage [161] , [162] , [163] . After clinical examination, the first line investigation for unilateral fold paresis is imaging of the entire length of the recurrent laryngeal nerve with either contrast enhanced CT or MRI [164] . This can be supplemented with neck ultrasound to exclude malignant processes in the thyroid or cervical lymph nodes [165] . The preferred modality is the subject of debate, as is its timing and costbenefit. Routine serological investigations are not indicated unless history and/or clinical examination have raised the suspicion of underlying disease [166] . The clinical use of electromyography (EMG) for evaluation of vocal fold paralysis is less useful that in palsies of the facial nerve. In contrast to facial nerve palsies, laryngeal electromyographic assessment provides little prognostic information [167] . Physiological laryngeal nerve recovery is highly complex and varied in terms of its functional outcome [161] , [168] . Laryngeal EMG does however allow a clear distinction to be made between true paresis [169] , [170] , [171] and mimicking traumatic arytenoid subluxation or ankylosis [81] . The extent to which acquired arytenoid subluxation or ankylosis presents as an independent disease is debatable [172] . Once diagnosis and work up is completed, the goal of treatment should be to improve glottis closure in order to achieve better voice and less speech dyspnea. Also, breathing/swallowing problems and counter-productive compensation mechanisms should be addressed. Conservative treatment revolves around voice therapy, supplemented by physiotherapy when necessary. Surgical options include a variety of procedures designed to medialise the paretic vocal fold, especially useful when there is marked failure of glottic closure [173] , [174] . Often a combination of voice therapy and surgical options is used.
Conservative measures
Voice therapy can afford both a subjective and objective improvement for patients. Early intervention by an experienced speech therapist prevents counterproductive, nonphysiological habits from forming [175] , [176] . As with much voice therapy, there is however a lack of good quality evidence as to which techniques are best, and no single therapy for unilateral vocal fold palsy can be recommended above another. The influence of so-called "softfactors" such as patient motivation, rapport and cooperation is difficult to judge [176] , [177] , [178] . A further conservative technique is electrical stimulation of the damaged nerve. This is thought to help nerve regeneration and prevent muscle atrophy [179] , [180] , [181] by providing a customized stimulus current during phonation. The functional result is perhaps less easily judged than with voice therapy, and again good evidence of its effects is lacking. Overall, many questions concerning conservative approaches remain unanswered. What is the goal of therapy? How long should therapy last? When should other, for example surgical, modalities be used? Could one not proceed directly to surgery? The last question is particularly pertinent as many experts now recommend early intervention, even with only a mild glottis insufficiency, in order to prevent bad habits from forming. Medialisation procedures with absorbable injections can be performed even before voice therapy has begun. This affords a speedy improvement in voice [173] , [182] and supports the speech therapists efforts [183] , [184] . Reports of early surgical intervention following thoracic surgery have lent evidence to this approach [185] , [186] . These early interventional successes cast doubt on the need for purely conservative initial therapies.
Surgical interventions
Surgical interventions aim to adduct the paralyzed vocal fold to the midline. Three general techniques can be used: vocal fold augmentation, framework surgery (thyroplasty type 1) with or without arytenoid adduction, and operative re-innervation techniques [187] , [188] , [189] , [190] . In recent years the growing literature attests to the increasing number of materials and techniques used to medialise the vocal fold [153] , [191] . The advantages and disadvantages of each individual technique [192] , [193] must be discussed with the patient in light of his particular complaints, and the appropriate treatment chosen. Mere assessment of the position of the paralyzed vocal fold and the resulting glottic insufficiency is not enough. The extent of denervation and its functional consequence must be assessed before choosing the appropriate intervention and even then, results are difficult to predict. Vocal fold augmentation has become more popular and makes use of different injection materials of varying halflife and biocompatibility [194] . The technique is appropriate for mild to moderate glottic insufficiency caused either by paralysis or reduced excursion secondary to scarring or atrophy. The injection can only usefully augment the ligamentous portion in the anterior two thirds of the fold.
Large glottic insufficiencies, or those of the posterior third cannot be treated with injection augmentation. Neither can these posterior insufficiencies be treated well with a thyroplasty. Posterior problems need an arytenoid adduction [195] , [196] , Vocal fold augmentation has the great advantage that, in experienced hands, it can be performed under local anesthetic in an outpatient setting [197] . Regardless of whether the access is transnasal, transoral or percutaneous, continuous assessment both by inspection and aurally can be made [198] , [199] (Figure 12 ). Rarely, for example due to a strong gag reflex, the injection must be performed under general anesthesia. This has the distinct disadvantage that the functional result cannot be immediately verified and therefore the amount and location of injection appropriately adjusted [182] . Furthermore, injections are, as all surgical interventions, not without complication. Nowadays, the safety profile of the injected material is very good. Biodegrable, nonimmunogenic materials are used and, despite repeated injections, are generally safe [124] , [138] . The danger lies rather in injecting the correct amount and in the correct place. If Reinke's space is injected, the material will never be resorbed and this can result in marked hoarseness. Over injection can even lead to dyspnea and stridor. Abscess formation often infiltrating subglottically or extralaryngeally has also been reported [200] . For these reasons, when the glottic insufficiency is more than 3mm, thyroplasty type I is generally recommended. Various materials of various shapes can be used, but it should be remembered that complications from this procedure are far more frequent than with injections, up to 15% in a recent review article [201] .
Complications of implants include postoperative swelling, bleeding and wound infection which can all potentially require operative revision or even tracheotomy. Procedure specific complications such as implant extrusion, missizing or misplacement may also require a second operation. Furthermore, the consent process should explicitly mention the possibility of no voice improvement, or even a worsening of the voice. The choice of implant is largely at the surgeon's discretion. The functional results of implantation are difficult to predict even when the procedure is done under light sedation with endoscopic control. Even if laryngoscopy shows a good placement of the implant, an improvement in voice is not always found. Depth, position, shape and the material's properties together with the initial pathological findings all play a role. Furthermore, despite implants being often regarded as giving a permanent improvement, it must be remembered that the larynx is an ever changing organ. Age related changes in tissue bulk, atrophy and strength can mean that long term functional results deteriorate. In summary, injections and implantations should not be seen as exclusive modalities, but rather as complementary, each with its own strengths and limitations. The treatment of patients with vocal fold paresis often means repeated and varied interventions in order to achieve optimal results. The surgeon should thus be thoroughly familiar with the different techniques available.
Future
The treatment of voice disorders is no longer restricted to just ENT surgeons, phoniatricians and voice therapists. Singing teachers, public speaker trainers, speech scientists and linguists all offer to help patients with voice problems. In this context, it remains paramount to have an expert knowledge of the anatomy, physiology and function of the voice and the multitude of therapies available. In the future, an objective, critical approach will lead to the accumulation of good quality data and allow proper evidence based treatment of the individual patient.
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